



Storm Surge Wave Interaction Model: Literature review of surge 
models, model description, and results of Virginian Sea Model 
Michael J. Carron 
Virginia Institute of Marine Science 
Victor Goldsmith 
Virginia Institute of Marine Science 
Follow this and additional works at: https://scholarworks.wm.edu/reports 
 Part of the Marine Biology Commons 
Recommended Citation 
Carron, M. J., & Goldsmith, V. (1976) Storm Surge Wave Interaction Model: Literature review of surge 
models, model description, and results of Virginian Sea Model. Special Reports in Applied Marine Science 
and Ocean Engineering (SRAMSOE) No. 110. Virginia Institute of Marine Science, College of William and 
Mary. http://dx.doi.org/doi:10.21220/m2-33q7-ef42 
This Report is brought to you for free and open access by W&M ScholarWorks. It has been accepted for inclusion in 
Reports by an authorized administrator of W&M ScholarWorks. For more information, please contact 
scholarworks@wm.edu. 
STORM SURGE - WA VE 
INTERACTION MODEL 
LITERATURE REVIEW OF SURGE MODELS, MODEL 
DESCRIPTION, AND RESULTS OF VIRGINIAN SEA MODEL 
VIR G INIAN SEA WAV E CLIMAT E MOD EL PUBLICATION SER IES N U MB ER 3 
MI C H AEL J . CA RRON 
VI CTOR G OLDSMIT H 
SPECIAL REPORT NO. 110 IN APPLI E D M ARIN E SC IENCE AND OCEAN ENGIN EE RIN G 
VIRGINIA INSTITUTE OF MARINE SCIENCE 
G LOU CESTER POINT , VIRGINI A 23 06 2 
SEPTEMBER 1976 
VIRGINIAN SEA WAVE CLIMATE MODEL PUBLICATION SERIES 
NUMBER 3 
STORM SURGE-WAVE INTERACTION MODEL: 
Literature Review of Surge Models, Model Description, 
and Results of Virginian Sea Model 
by 
Michael J. Carron 
Victor Goldsmith 
Special Report in Applied Marine Science 
and Ocean Engineering (SRAMSOE) No. 110 
Virginia Institute of Marine Science 
Gloucester Point, Virginia 23062 













Table of Contents 
List of Illustrations 
Acknowledgements 
Introduction 
TABLE OF CONTENTS 
Description and Definition of Surges 
Review of Surge Models 




1. Shoreline surge resulting from a storm land-
falling in the southern portion of the 
Virginian Sea 
2. Shelf surge resulting from offshore storm 
Model Output 





















TABLE OF CONTENTS--Continued 
Appendix A 
Wave Refraction Diagrams (No Surge, Shelf Surge 
and Shoreline Surge) 
Appendix B 
Shoreline Orthogonal Density Histograms 
Appendix C 
Shoreline Wave Height Histograms 
PAGE 
ABSTRACT 
The effect of storm surge on wave refraction patterns along 
320 km of shoreline in the Virginian Sea (Mid-Atlantic Shelf) has 
been investigated using an analytical model. Two types of storm 
surge patterns based on Bodine (1971) and Jelesnianski (1972 and 
1974) are used to alter the ocean surface of the Virginian Sea 
Wave Climate Model (Goldsmith, et al., 1974). The first pattern, 
based on Bodine's (1971) Bathystrophic Storm Surge Model, is of 
circular shape (with the maximum sea level rise in the center) 
and in real situations results mostly from the inverted baro-
metric pressure effect associated with intense low-pressure 
storm systems, wind setup and the astronomic tide. The center 
of these surge was located at two places in 30 m water depths 
on the shelf in order to determine if a general wave response 
pattern could be established, and to delineate a sequence of 
wave responses. 
The second type of surge model, based on the general pat-
tern shown by Jelesnianski (1972 and 1974), develops as the 
storm moves towards shore, and the effects of shoaling, wind 
stress, and inertia change the shape and height of the surge. 
At landfall the surge is a long, narrow strip impinging against 
the shore with a seawardly exponential decay, and with a higher 
surge height to the right of center. 
Based on a comparison of two sets of wave ray diagrams, 











computed for (a) the two surge types and (b) no-surge conditions, 
using similar initial wave input parameters, the characteristics 
of the general wave response models are briefly sununarized for 
both surge types as follows: 
Shelf Surge: Changing wave refraction patterns result in: 
(a) maximum increases in shoreline wave energy located to the 
north and south of that point of land downwave of the storm; 
and (b) decreases in shoreline wave energy in a shadow zone 
directly downwave from the storm surge. 
Shoreline Surge: An increase in longshore drift caused by 
lesser wave refraction. The deeper water close to shore results 
in a greater shoreline breaker angle than that observed during 
no-surge conditions. Thus irrespective of the wave height, any 
type of surge will cause significant changes in the shoreline 
wave refraction patterns resulting in local increases in long-
shore drift. The tendency for increases in longshore transport, 
and concomitant decreases in offshore-onshore transport, is 
thus promoted by water surges, irrespective of wave size and 














(Included at End of Text) 
1. Two day water level record for Atlantic City (from Pore, 
et al., 1974) 
2. Frequency of extratropical storm surges based on data for 
November through April, 1956-1969 (from Pore, et al., 1974) 
3. Effect of oblique wind on water level (from Harris, 1963} 
4. Shoreline surge model (VSSSWIM) 
5. Shelf surge model (VSSSWIM) 
6. Distribution of wave heights along test grid shoreline 
TABLES 
1. Percentage increase in the cumulative probability of 
selected wave heights from the 1920's to the 1960's (from 
Resio and Hayden, 1975) 
2. Final wave orthogonal azimuths for the no surge and shore-
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VIRGINIAN SEA STORM SURGE -WAVE INTERACTION MODEL 
INTRODUCTION 
DESCRIPTION AND DEFINITION OF SURGES 
The increasing importance of coastal storms is shown by 
the increase in number of damaging storms from two to three 
per year in the 1920's to over seven per year in the 1960's 
(Burton, et al., 1965; Mathew, et al . , 1964). Of course, much 
of this increased damage is related to the increased develop-
ment along our coasts. However, some of the changes may also 
be due to a real increase in coastal storm activity along the 
east coast of the United States (Klein, 1957), the Outer Banks 
of North Carolina (Bosserman and Dolan, 1968; Resio and Hayden, 
1975; and Hayden, 1975), and the Virginian Sea (Resio and 
Hayden, 1973) (Table 1). 
The two major phenomena associated with coastal storms 
to which the damage are attributed are: (1) storm surge, 
which raises the water level and inundates the coast; and 
(2) storm waves superimposed on the rise in water level, 
even far from the storm center, which attack portions of the 
shoreline not normally reached by waves. The importance of 
this latter coupling on the shoreline, even far from the 
storm center and the direct storm effects, has been shown 
for the Gulf of Mexico (Warnke, et al., 1966; Warnke, 1973) 











The term ~torm surge has been defined by Bretschneider 
(1967, p. 367) in a review article of this and associated 
phenomena as: 
" •.. that contribution due to meteorological 
factors and resulting from, among other things, 
wind and bottom stresses, atmospheric pressure 
changes, moving storm systems, bottom configu-
rations, impact due to rainfall, additional 
setup on the forebeach due to waves breaking 
in the surf zone." 
In a more recent summary publication of storm surge 
Pore and Barrientos (1976) stated: 
Whenever a hurricane or intense extratropical 
storm approaches or crosses the New York Bight 
coastline, sea level rises, anywhere from a 
couple of feet to over 3.1 m (10 ft) above the 
normal tide. The departure of tide level from 
normal in such storms is called the storm surge 
(p. 7). 
Storm surges result from a combination of pro-
cesses or effects: direct wind, atmospheric 
pressure, water transport by waves and swell, 
the earth's rotation, rainfall, and coastline 
configuration and bathymetric conditions (p. 8). 
Important considerations in the total rise in sea level 
(up to 4.3 m above mean low water has occurred) as the cou-
pling of the storm surge (including the inverted barometric 
effect) with ordinary (i.e., astronomical) tides, although 
the tidal water fluctuations have no direct relation to the 
surge water level fluctuations (Fig. 1). A rise in sea level 
related to the low atmospheric pressure associated with 












to as much as 1.2 m*. Excellent basic reviews of these phenom-
ena are given by Pore (1970), Pore and Barrientos (1976), and 
C.E.R.C. (1973), and a more mathematical review is given by 
Sloss (1972). 
The threat of coastal flooding is quite properly a very 
sensitive problem in the Virginia area and one that has received 
a great deal of attention (U.S. Army Corps of Engineers, 1968, 
1969, 1970a, 1970b, 1971a, 1971b, 1972, 1973). However, all 
that these reports do is to bring together the records of the 
highest known "tidal" flood heights for each of these specific 
areas, compute potential recurrence intervals for Intermediate 
Regional Tidal Floods and Project Tidal Flood, and issue charts 
indicating areas subject to this type of flooding based on 
topography above sea level. There is no discussion in these 
reports of complex surge phenomena, nor is there any recogni-
tion of the role of waves superimposed on such coastal "tidal" 
flooding. 
REVIEW OF SURGE MODELS 
Due primarily to an absence of data and a small recurrence 
interval for the catastrophic events, most studies of storm 
surge have been by numerical models. These models have used 
the quasi-relationships between meteoroligical data (especially 
*The sea level will rise 0.35 m for each 2.54 cm decrease 
in the height of a column of mercury due to decreased 
atmospheric pressure . 
pressure and wind velocities) and observed coastal surge heights 
for calibration of the models (e.g., Fig. 2). 
Probably the most successful of those statistical-probaba-
listic numerical models have been Splash I and II (Jelesnianski, 
1972 and 1974) and the Bathystrophic Storm Surge Model (Bodine, 
1971). 
Splash I and II are two dimensional dynamic surge models 
with the driving forces used to generate the surges being 
derived from wind profiles and atmospheric pressure differences. 
In the Bathystrophic Storm Tide Theory the surge is predicted 
by a steady state integration of the wind stress from the gage 
of the continental shell, taking into account some of the 
effects of coriolis force . 
Additional discussions and examples of these types of 
models are given by Charnock and Crease (1957), Harris (1963), 
Platzman (1958), Graham and Nunn (1959), Bretschneider (1959), 
Wilson (1960), Welander (1961), Brunn, et al. (1962), Pore 
(1964), Marinos and Woodward (1968), Pore and Richardson 
(1969), Richardson and Pore (1969), Sirkin (1970), Isozaki 
(1970a, 1970b), Myers (1970), Nickerson (1971), Bodine (1969), 
Galt (1971), Anon (1972), Kessel and Winninghoff (1972), Pore, 
et al. (1974). 
A National Academy of Sciences panel convened to examine 
storm surge problems as related to coastal storm insurance, 












forecasting is the lack of adequate data and understanding of 
surges along complex coastal configurations for model calibra-
tion (W.J. Hargis, Jr., VIMS; Panal Chairman, personal commun-
ication) . 
A critical difference between Qredicted and actual storm 
surge elevation in Holland accounted for most of the loss of 
2,000 lives (Weylander, 1961). Some of the problems which 
contribute to these differences are listed and briefly dis-
cussed below: 
1) The data based upon which the probabilistic models 
are based may not be applicable to future events for the 
following reasons: 
a) Every new major storm requires a recalculation 
of recurrence interval, e.g., hurricanes Camille 
and Agnes, occurred almost back-to-back, yet had 
an extremely high predicted recurrence interval. 
b) A considerable amount of data is being accumulated 
(summarized in Resio and Hayden, 1973, and Goldsmith, 
1972) suggesting a change in storm track patterns 
along the east coast of the United States. 
2) All of these open coast models are applicable to 
straight coast lines, and do not take into account crenulated 
coasts, nor effects within adjoining estuaries, bays and even 
subtle embayments . 
This is due, in part, to sparse tidal gage data along 
most of the open coastline, which is one of the major overall 
problems, because the statistical-probabilistic models depend 













storms. The large variations in surge heights from a single 
storm along the Florida coast (between 1.2 and 4 min less than 
160 km of coastline) is shown in Brunn, et al., 1962, Figure 9. 
3) Secondary phenomena, such as resonance, are not ade-
quately considered even though their importance has been 
recognized in the Gulf of Mexico by Harris (1963) and Warnke 
(1973) . 
4) Local bathymetry, the final determinant in shoreline 
surge effects is rarely taken into account, as any bathymetric 
input is only on a very coarse grid. For example, Splash I 
and II, one of the few models to even consider bathymetry, 
incorporates a friction factor related primarily to the width 
of the continental shelf . An extreme example of wave refraction 
effects by local bathymetry is illustrated by the studies of 
Keulegen, et al. (1970) and Roberts (1964) whereby wave re-
fraction diagrams for the Pacific Ocean were used to explain 
the distinctive energy concentration from a tsunami at Crescent 
City, California. Similarly, irregular bathymetry superimposed 
on a wide continental shelf, such as the Virginian Sea, is 
considered important in influencing local coastal surge heights. 
Bretschneider (1967, p . 367) has commented that" .. . it is 
almost always the last six to twelve inches of rise in sea 
which enhance the loss of life and damage to public and private 
land and property." Some of this increase could occur locally 
from wave refraction effects . 
5) Little, if any consideration is given to the concomi-
tant effects of waves within these models along the coast, 
especially at some distance from the surge center. It is the 
waves, elevated by the surge, which in some areas actually 
account for most of the storm damage (Edelman, 1968; Warnke, 
1973). 
6) All of these aforementioned probabalistic-statistical-
numerical models except Bodine (1971) and Resio and Hayden 
(1973) fail to take into account seq~ences of .events. For 
example, Sonu (1968) in analyzing many years of beach profile 
changes along the Outer Banks of North Carolina found that the 
major determinant in the beach changes (in addition to the 
incident waves) was the actual configuration of the beach 
innnediately prior t o the severe waves . Also, an analysis of 
the March 1962 storm by Bretschneider (1967) showed that it 
wasn't the extreme height of the storm surge that accounted 
for the unprecedented damage (a few other storms had caused 
higher surge levels, yet less damage), but it was the con-
tinued existance of the storm surge through successive high 
tides over three days that allowed continuous battering of the 
coastal areas by the associated waves. A "typical" surge 
sequence has been divided into three distinct stages by Redfield 
and Miller (1957) consisting of: (1) forerunners with a .3 to 
.6 m rise, followed by (2) the actual surge of up to 3.1 to 
3.4 m sea level rise over a 2 . 5 to 5.0 hour interval, followed 
by (3) one or more resurgences due to the free motion of the 
water. 
The initial resurgence can be as high or higher than the 













THE VIRGINIAN SEA STORM SURGE-WAVE INTERACTION MODEL (VSSSWIM) 
The construction of the Virginian Sea Wave Climate Model, 
and subsequent data analyses, provided an excellent opportunity 
to examine the shoreline and shelf effects of waves superimposed 
on rises in sea level, and to contrast these catastrophic events 
with "normal" wave behavior for the same area . 
Descriptions of actual storm surges along shore are rare 
and descriptions of the offshore surges are unknown to us. 
Because of this, two simplified model surges were used in this 
study; the first being a shoreline surge of equal height along 
the total modeled shore, with the surge height decreasing 
exponentially in the seaward direction. In the second model, 
the shelf surge was assumed to be circular with the highest 
surge being in the center and exponentially decreasing away 
from the center. An attempt was made to model a "typical" storm . 
The thrust of this study is to give a generalized description 
of the effect of a surge on wave refraction • 
MODEL INPUT 
A wide variety of wave directions (AZ) and periods (T) were 
computed using as input the 84,480 depths developed in earlier 
studies with the major difference being the addition of a var-











Increased sea level heights were chosen from heights 
suggested by generalized probabalistic models such as: 
(1) Splash I and II, and (2) the bathystrophic storm surge 
approximations of Bodine (1971) . 
SURGE MODELS 
1. Shoreline Sure Resultin Landfalling in the 
Sout ern Portion o 
In this first case, the surge model is based on the rise 
in water level associated with the general wind pattern of an 
extremely low pressure zone. Shore winds in the Virginian Sea 
generated by an offshore low pressure system will be primarily 
northeasterly to northerly. These winds will cause surface 
waters to move in a southerly direction. Coriolis accelera-
tion will subsequently deflect the water to the right causing 
a piling up of water along the East coast shoreline (Fig. 3). 
It is known that waves and swell superimposed on the shoreline 
surge can, under certain conditions, cause significant shore-
line damage. It is the purpose of this model to delineate 
these conditions . 
In order to model this shoreline surge (Fig. 4), the 
assumption is made that the low pressure system is making 
landfall, i.e., the surge that is modeled is that which occurs 
to the right of storm center, the higher of the two sides. 
Also, any significant storm passing offshore will cause some 











that large hurricanes entering the Gulf of Mexico will cause 
rises in water level everywhere in the Gulf, with subsequent 
shoreline erosion even with low wave activity. 
Three bands of surge parallel to shore, each (18.3 km) 
wide, were added to the depth grid (depth at MLW). The band 
nearest the shore is at +0.9 m, the center band at +0.6 m, 
and the outer band +0.3 m (Fig. 4). The input assumption of 
a uniform simultaneous sea level rise along a large portion 
of the Virginian Sea coastline is justified by examination of 
storm records. Jelesnianski (1974, p. 2) states that the 
length of coast affected by significant surge heights is 
measured by the storm's diameter (i.e., twice the radius of 
maximum winds). In actuality, this distance may be much 
larger than the modeled 320 km Virginian Sea coastline. 
In reality, the surge height along the shoreline will de-
crease exponentially to the right of the storm center (i.e., 
to the north) of landfall. For ease of modeling the maximum 
reasonable surges, each of these maximum segments (to the 
right of the center) are evaluated in one combined computer 
run, instead of having storms landfall at approximately five 
different places within this 320 kilometer stretch of coast-
line . 
2. Shelf Surge Resulting from Offshore Storm 
The second case is based on the bathystrophic storm surge 











of different heights were superimposed on the Virginian Sea 
depth grid (Fig. 5) to approximate the surge in the area of an 
extreme low pressure zone passing over the continental shelf. 
Two model storms were investigated, with both centers located 
in approximately 30.4 m of water. The northermost storm, 
designated N, was at latitude 38° 00' N. The southermost 
storm, designated S, was at latitude 36° OO' N (see cover) . 
Standard wave refraction diagrams were computed (App. A) 
using Virginian Sea Wave Climate Model linear wave theory in 
the manner successfully applied in the VSWCM using the same 
"standard" input conditions (Goldsmith, et al., 1974). The 
major differences from the VSWCM in these calculations were 
the changes in depths to duplicate storm surges, and an 
emphasis on long wave periods in order to observe the maximum 
wave refraction effects. The increased surge depths changed 
the wave refraction patterns even over this wide, shallow, 
high relief continental shelf. The strong association of 
high wave heights with high storm surges for most storm events 
along this coast has been largely substantiated by Resio and 
Hayden (1973). However, the changing wave climate, recent sea 
level rise (Hicks, 1972) and predicted acceleration of coastal 
development provides the impetus for the input and analysis of 
a wide variety of wave conditions, regardless of past wave and 
surge distribution and behavior. Appendix A lists the wave 
input conditions for the two types of surge models • 
MODEL OUTPUT 
The refraction diagrams (App. A) and data output were 
synthesized using existing routines (Goldsmith, et al., 1974; 
Goldsmith, 1975) and additional routines developed for these 
studies. (The additional routines were discussed in the pre-
ceding section.) The output includes wave ray diagrams 
(App. A), shoreline histograms of orthogonal density (App. B) 
and wave height (App. C), and were compared to similar diagrams 
and histograms for non-surge conditions. 
MODEL TEST GRID 
In order to evaluate the shelf surge, a model grid, 60 X 
60 in size, with bathymetric contours parallel to shore was 
employed. Various input conditions were used (wave periods 
of 8, 10, and 14 sec from the northeast and east). Results 
indicated increased wave heights to the left and right of that 
point of shoreline downwave of the model storm center (Fig. 6). 
The maximum height change was found to be an increase of 47% 












The complexity of storm surge over the continental shelf 
is evidenced by the fact that of all the most widely accepted 
storm surge models only Bodine (1971) in his Bathystrophic 
Storm Surge Model makes a concerted attempt to describe storm 
surge seaward of the shoreline. This lack of offshore surge 
models is partly the result of a lack of measured data in the 
shelf. Until recently the technology did not exist to ade-
quately describe the actual offshore storm surge . The change 
in the surge as the storm moves across the shelf toward shore 
is quite complex. In this study, the two ends of this surge 
process, shoreline and continental shelf surges, were used to 
alter depths in the Virginian Sea Wave Climate Model. 
In this discussion, the response of the waves to the surges 
modeled is evaluated relative to the non-surge wave computations 
(see App . A, B, and C). 
SHORELINE SURGE 
In the surge area the wave orthogonal angle changed in 
response to the altered depths. In general, for the longer 
period waves (10 to 14 sec), the presence of the surge allowed 
the waves to move into the shoreline area with less refraction . 
For the smaller period waves (8 sec) the model provided an 
increased amount of refraction. The first two cases can be 
explained by considering the slight increase in wave celerity 
due to the increased water depth (relative to the non-surge 
wave conditions). The increase in celerity causes the wave 
to refract slightly less than a wave in a no-surge condition. 
Unexpectedly, the shorter waves had a final refraction 
azimuth (Table 2) which indicated greater refraction. This 
was the result of a greater shoreward penetration of the wave 
(due to the increased water depth) prior to breaking. 
The longer period storm waves from the northeast broke 
at a significantly higher angle to the shoreline than a wave 
of the same period in a no-surge condition. This increase in 
breaker angle can cause a significant increase in the longshore 
drift (C.E.R.C., 1973, p. 103). This increase in longshore 
drift may, in some cases, be large enough to remove sediment 
from a beach zone and increase the likelihood that sediments 
eroded from the beach will be permanently removed from the 
local system. 
SHELF SURGE 
Although there appears to be little difference in the 
general wave refraction patterns (App. A) between the no-surge 
and the shelf surge conditions, the shoreline histograms of 
orthogonal density (App. B) (a good measure of relative wave 
energy distribution) show an increase in density in two areas, 
to the right and left of that portion of shore downwave 
from the storm center. A similar pattern is seen in the shore-













Even though the refraction caused by the surge results in 
equal wave energy concentrations at the shoreline to either 
side of center, the most critical area is obviously to the right 
of center where the higher surge occurs. The important point, 
however, is that refraction caused by the deeper depths of the 
surge results in a shadow zone of relatively low wave energy 
downwave from the highest point of the surge, the center . 
Although the shelf surge has only a secondary effect on 
wave refraction (relative to the irregular shelf bathymetry 
and wave period) these data indicate that even slight shifts 
in wave direction caused by refraction of waves passing through 
. 
an offshore storm surge can cause significant wave height in-
creases in shore areas not normally associated with the storm . 
Of course, this wave focusing also results in concomitant 
decreases in wave energy in shoreline areas downwave from the 
surge center. 
These effects would be most apparent in the situation where 
the storm path curves into shore from out at sea, "kisses" the 
shore, and then curves back out to sea. When the storm center 
moves along and parallel with the shore, the whole coast is 
subject to increased wave energy, at one time or another. How-
ever, the location of maximum shoreline wave energy relative 
to storm center at any given time, can be predicted from this 
model. 
SUMMARY 
For · model storms offshore of the U.S. East coast the maxi-
mum positive wave shoreline energy changes are located to the 
right (i.e., north) and left (i.e., south) of that portion of 
shore downwave from the storm--shown by the convergence of wave 
orthogonals. The greatest decrease in wave energy was found in 
between these two areas. It is significant to note here that 
one of the two areas of increased wave energy, the northern 
zone coincides with the superelevation associated with the 
right front quadrant. The superimposition of the increased 
wave height on this surge can be of major concern. 
For the shoreline storm surge model, an increase in long-
shore drift was suggested, especially for waves whose deep 
water direction was not initially normal to the shoreline. 
This is due to less wave refraction resulting from the greater 
depths of the shoreline wave surge. When waves approach with 
their crests parallel to shore there is more offshore-onshore 
transport, and the losses in sand tend to be temporary. Thus, 
the increased longshore drift resulting from the shoreline 
surge would tend to result in permanent local losses of sand 
from the beach. 
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• ( ft) (m) 
• 5 1.52 
10 3.05 
15 4.57 







Percentage Increase in the Cumulative 
Probability of Selected Wave Heights 
From the 1920's to the 1960's 
(From Resion and Hayden, 1973, Table 12) 
Percentage Increase in Cumulative Probability 
Ocean City Virginia Beach Cape Hatteras 
9. 21 2.28 6.94 
6.31 2.53 8.49 
11.08 8.64 15.00 
















Final Average Wave Orthogonal Azimuths for the No Surge and 
Slhm;eline Surge Conditions (Waves from the Northeast) 
SURGE CONDITION PERIOD (sec) FINAL AZIMUTH 
NO SURGE 8 58.8 
NO SURGE 10 66.8 
NO SURGE 14 59.9 
SHOR ELI NE SURGE 8 60.2 
SHORELINE SURGE 10 64.7 
SHORELINE SURGE 14 57.3 
6 AZ 














15 FEB 1958 
Observed tide 
\ - I ~ I I \ 
' ~ ' Predicted tide 
16 
• • 
Figure 1. Water level data for Atlantic City, 15-16 February, 
1958 (from Pore, et al., 1974). 
• • 
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Figure 2. Frequency of extratropical storm surges based on data for November through 
April 19, 1956-1969, for the New York Bight (from Pore, et al., 1974). 
• • • • 
Figure 3. 
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f = Coriolis parameter 
1 - wind stress 
h = storm surge 
D = depth 
resultant current near the shore 
wind stress vectors 
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Figure 4. Model Shoreline Surge with computer simulation of 
shoreline surge produced in discrete steps of less 
than 0.3 m vertical change. 
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Figure 6. Distribution of wave heights along test grid shore-
line for 8 sec period waves from the east. Test 
grid consists of bathymetry with contours parallel 







WAVE REFRACTION DIAGRAMS 
FIGURE PERIOD AZIMUTH (AZ) SURGE TYPE 
Al 8 90 
A2 10 90 
A3 14 90 NO SURGE 
A4 8 45 
AS 10 45 
A6 14 45 
Al 8 90 
AB 10 90 
A9 14 90 SHELF SURGE SOUTH 
AlO 8 45 
A 11 10 45 
Al2 14 45 
A13 8 90 
A14 10 90 
A15 14 90 SHELF SURGE NORTH 
Al6 8 45 
Al7 10 45 
Al8 14 45 
A19 8 90 
A20 10 90 
A21 14 90 SHORELINE 
SURGE 
A22 8 45 
A23 10 45 
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SHORELINE ORTHOGONAL DENSITY HISTOGRAMS 
FIGURES SURGE NOMENCLATIJRE 
Bl-B6 NOSURGE Standard Virginian Sea Wave Refraction 
B7-B12 Sl Shelf Surge l. n Southern Section 
B13-Bl8 Nl Shelf Surge in Northern Section 
B19-B24 BATHY Shoreline Surge 
A maJor assumption made for r efraction of linear waves is that 
the energy between two orthogonals (wave rays) remains constant. 
Therefore, the density of orthogonals in any shoreline segment 
gives a relative energy level for that segment. Initial deep water 
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VIRGINIAN SEA STORM-SURGE WAVE INTERACTION MODEL 
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VIRGINIAN SEA STORM-SURGE WAVE INTERACTION MODEL 
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VIRGINIAN SEA STORM-SURGE WAVE INTERACTION MODEL 
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VIRG INI AN SEA STORM-SURGE WAVE INTERACTION MODEL 
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Standard Virginian Sea Wave Refraction 
Shelf Surge 1n Southern Area 
Shelf Surge 1n Northern Area 
Shoreline Surge 

















AZ:90 H:6 T:8 NOSURGE 
X AXIS IN NAUTICAL MILES 
WAVE HEIGHT IN METERS 
: \' .. . --------- , 
. --·-· .......... . . --:., 
,i·-= cs··. : ·····- ··· ·' 
L : · i~:::..::=--::- ::=.=.::::-::> 
( ·.: _:~ :.-~-~-~,-:-:::--., 
.::~~:J 
~--~ _:1 
I. ~.1 : . ··-=:-··., 
... ' ... ·-····· .·.-:-.·-:-~') 
. , ....... · .. . 
~'-.::...:;., . . .c. 
' 
' .. 
l ._ __ _ 
·· . ... ... _______ - ., 
' . _··--·= -~·-· ··· ··-······ · . 
::~-~~~ ' 
'. x ~ _--,··, 
,,_. . . . . : .. ....... ,_._,._ ... , .. , :, 
i'L :.·,·c:..~.:::::-::~;-·:, 
1::;~~3 -_--_-_' -~· ... Cl 
r . ··::.: . .-· .. :·· ~~--~· • .: .. ·::-::~:-.::~·:-:-·.1 ··-- ··· ···· ··· -.l 
-- - . - ~ 
. 
.. , ., 
C: _, 
:.:=c"c~-,--.: ~; =~-= 













VI RGIN IAN SEA STORM-SURGE WAVE INTERACTION MODEL 
; 
CA PL 
B AT Tl·H AS 
7(,.b 
AZ:90 H:6 T:10 NOSURGE 
X AXIS IN NAUTICAL 
WAVE HEIGHT IN METERS 




, · .. . '_J - ... -·, 
-~-J 
:·:, ~ - ' -., 
. ...::::::.:J-- --: 1 
..c:,E~..:::i .. , ·· 
. . , - ? -·-- -·-·-··· 
·. ) . - - --· -·- · · -·· · ·· ·· . l 





---; -· . 
!· .: ·.- -.~:.: ___ "7"-.-:· ·-···.---:} 
, : ··. -.7~".'1 
' ·, --~;;~---· , 
.. . ·-·-- ··· -- , 
~- --···· --···· ·-·· 
. .. . -···---·-·----···-- -- -· ... . . - ·· . .. ... 
. ~ - -·- _._ ---.} 
: .I .. - - :- ---- : .,.. . _, 
:::=:=:::,. ___ "'::."::':..·· ·:·:-:-;:-;:_ ::~= .:.:-_-·::-·-, 
:.-----::r ·- .. :-::i 
i' .J , ·:_.:::~=.::::-:-·-:) 
t . ·-·- .-·.1 
. , ·. 
__ . .,, 
C2 1 
VI RGINIAN SEA STORM-SURGE WAVE INTERACTION MODEL 
AZ: 90 T:14.0 NOSURGE 
76 ° oo · 
<:A PL 
H ATlTR AS 
7 (, • ~ 
X AXIS IN NAUTICAL MILES 
WAVE HEIGHT IN METERS 
I ',) . ::-J I 
·.:. '7l .. -·---·-·--·- ............. ·· ....... ._ . 
• ' _.::: ... :: . .1. .: l 
, · · - _ ___ ...:.... • •• 1 
·. _-_ .. ! ·-·· • 
·1J::~~; ' 
. }~:· .... --.""· ',- .. . .. . ) 
ii' . ·.. . . . l 
:.: .. ·. -··-·• • .-· I 
. . . . . - ······ . ) --·--··- .. --- -·-··--· .. -- ····--· - , j~~-:,-,", - ---· 
C3 
VIRG INIAN SEA STORM-SURGE WAVE INTERACTION MODEL 
AZ:45 H:6 T:08 l'XlSURGE 
76 ° oo · 
CAPie 
H ATTl'llA S 
7(, .b 
X AXIS IN NAUTICAL MILES 
WAVE HEIGHT IN METERS 
. . -· :-, 
.. : .. ···· ·- - ) 
;" __ ,I 
--~~ -:) 
• . _ __:;iJ 
•· 
I .:' '--.::::=--._-= .=;.-,,, 
~~1t; ··~-
t·. ; ·:~:~·:: .. , 
·-· · - ··- - ·--· 
-
; :~_ ~;~;:'~--~: _ , 













VIRG INIAN SEA STORM-SURGE WAVE INTERACTION MODEL 
AZ;45 H;6 T;lQ NOSURGE 
CA Pl: 
H ATTl: llA S 
7(,J~ 
X AXIS IN NAUTICAL MILES 
WAVE HEIGHT IN METERS 
1 • I\ _; v .. ' ~i.: :-- , ... , 
·· ·- ·1 .... ·--·-·r-·-·-··---r· ----·-·-r -·----, 
.: .. ······. : 
C ,) 
; . 
I • ! 
- ···-·· - . 
... ····-·- ., 
.... - ·· ~1 
:.~~- ~~~, 
,t:. , · 
tti ~- l 
1.' .. ·- -
:: .. ~ .,·, " 
••. '' J 
; ....... ; 
t.··. : 














VIRGIN IAN SEA STORM-SURGE WAVE INTERACTION MODEL 
AZ:45 T:14 NOSURGE H:6 
X AXIS IN NAUTICAL MILES 
WAVE HEIGHT IN METERS 
r _1 ._;.J .r · ,_:"'-
-· r ··-·-- --T ··----- --·r-··-·r·---·--··1 
···e;-~ i ' ,! :J • < · .. • 
'=i.•:--:-, 
--- . , 
.. 
• ;..: ·...:.:::.=. :-1 
.;· ... ·- --. - - . -·--- ., 
-· .. ---··- . .. ... . 
--~ . ...;.;~_;-· -, 
~ . . :. :=-=,:-:., 
= . • - =--::-, .. - _, 
. ·' ··- - ·1 
· ..'\~-.=-=-:·_·- · .·--· ··-·-·· ,. l 
. - · ···- ·- ---··· 
~. ~ -~ ... ~_: <..,: ~. ~
. . -:- ·- .::, 
·.· -.- - .. - - . 71 













VIRGINIAN SEA STORM-SURGE WAVE INTERACTION MODEL 
AZ:90 T:8 SURGES1 H:6 
76 ° oo· 
CAP E 
HATTl· RA S 
76'b 
X AXIS IN NAUTICAL MILES 



















































VIRGINIAN SEA STORM-SURGE WAVE INTERACTION MODEL 
AZ:90 H:6 T:10 SURGES1 
CA PI: 
HATT ERA S 7(J~, 
X AXIS IN NAUTICAL MILES 





















VIRG INIAN SEA STORM-SURGE WAVE INTERACTION MODEL 
AZ:90 H:6 T:14 SURGES1 




X AXIS IN NAUTICAL MILES 
WAVE HEIGHT IN METERS 
t.=:==~·-~:.:.:::::..cc:::::.:::.-:::::::·=-.=:c.::.-, · • 
-~:=-~. -
. _'""' .. -.':7:':"':J_ .. ..l 
----- -- _______ ,_, 
~-~-~--==~ 
·~-· ._-_·' .. _.· __ .:~ ..-=::.:-~~-:--~==--::--..:-.:--: __ -.:, - ""j 
. . . .. - ---·-···-------. ---, 
j '; ': - - • ... -·- -- - ·---· ........ :J,--~- .. --- ··· ·------·--·· .J 
·- l 
. ,. ____ ---- --;:.-:-:i 
;:;.:c:>::-·---:=-----' 
t'· J _ .. .. ........... ·- - · -- ·--· -·-':::;---:=:::J 
. 2- - ~ 
-·- - ' :=, --·---
' ) - - - - ···--------------·- ··--··' 
-- -------
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VIRGINIAN SEA STORM-SURGE WAVE INTERACTION MODEL 
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AZ:90 H:6 T:10 SURGENl 
X AXIS IN NAUTICAL MILES 
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VIRGINIAN SEA STORM-SURGE WAVE INTERACTION MODEL 
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